Summary. An analysis was performed to predict the failure load of unidirectional and woven pinned loaded composite joints using the characteristic curve model. The Mechanically fastened joints are commonly used for fitting component parts in composite structures because they offer the advantage of assembly and disassembly. Unlike adhesive joints, they are also very insensitive to environmental conditions. However, joints that are needed for assemble of component parts usually require holes that can lead to a region of weakness in which can invariably cause premature failure of structures. Therefore, for design of composite joints with fastener holes, adequate stress and failure analysis around the joint hole cannot be overemphasized. Based on the understanding that the engineering performance of composite structure depends on its joints rather than the component members, the stresses and failure associated with mechanical joining of composites has received much attention [1] [2] [3] [4] [5] [6] . Wang et al.[3] investigated the possibility of changing the bolt and hole shapes from circular to elliptical in order to reduce bearing stress, and thereby increase the joint strength, especially when it is not possible to increase the hole diameter due to insufficient edge distance. Their analysis showed that the bearing stress at the joint hole can be significantly reduced by changing the bolt shape to elliptical.
Mechanically fastened joints are commonly used for fitting component parts in composite structures because they offer the advantage of assembly and disassembly. Unlike adhesive joints, they are also very insensitive to environmental conditions. However, joints that are needed for assemble of component parts usually require holes that can lead to a region of weakness in which can invariably cause premature failure of structures. Therefore, for design of composite joints with fastener holes, adequate stress and failure analysis around the joint hole cannot be overemphasized. Based on the understanding that the engineering performance of composite structure depends on its joints rather than the component members, the stresses and failure associated with mechanical joining of composites has received much attention [1] [2] [3] [4] [5] [6] .
Wang et al. [3] investigated the possibility of changing the bolt and hole shapes from circular to elliptical in order to reduce bearing stress, and thereby increase the joint strength, especially when it is not possible to increase the hole diameter due to insufficient edge distance. Their analysis showed that the bearing stress at the joint hole can be significantly reduced by changing the bolt shape to elliptical.
The conventional methods of determining characteristic length for failure analysis of composite joints usually involve bearing test and, tensile test of notched and unnotched plate to failure, which often leads to materials waste. In an attempt to prevent materials waste and thereby save cost, Kweon et al. [4] utilized the finite element method to determine the characteristic lengths for failure analysis of composite joints without characteristic length tests. The failure loads and modes based on numerically calculated characteristic lengths are validated by the test results for composite joints with good agreement.
Even though, the stress distribution and local failure can be predicted in a stress concentration area, the failure in such a local region does not necessarily lead to ultimate failure of the joint. Therefore, the joint strength can be underestimated, if a failure at a point in stress concentration area is considered as a structural failure of the joint. The objective of the present investigation is to analytically obtain more information about damage development and failure of unidirectional woven composite laminated joints. Thus an analytical method for computing the stresses in pinned loaded composite joints is presented based on Lekhnitskii's [5] complex stress functions, which satisfies the displacement boundary conditions along the hole contour. It was shown in this study that compressive and tensile characteristic length can be analytically determined without bearing test from stress functions based on the new definition [4] for characteristic length. The present study investigated the influence of friction on failure load by carrying out a parametric study on friction coefficient ranging from 0.0 to 0.15 for different joint configurations. In the analysis, it was assumed that the pin is rigid and frictionless, with the diameter of the hole on the orthotropic plate equals to the diameter of the pin. Additionally, the contact boundary is assumed to span through half of the hole circumference.
In this study, the stresses obtained from stress functions are utilized to predict the failure of pin-loaded composite joints using Tsai-Wu failure criterion along the characteristic curve. The analytically computed characteristic dimensions without testing are utilized to construct the characteristic curve model and the failure load evaluated along the curve based on first ply failure. The available experimental data in literature from unidirectional-woven laminates [4] were compared with the evaluated joint strength. It was found that the failure load for 0.05 friction coefficient generally gave the best fit for the joint geometries evaluated in this investigation.
